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investigated. The results show that the microstructures of SLM-formed 4Cr5MoSiV1 die steel samples are mainly

smallest, while those in the heat affected zones are the highest. With the decrease of 7, the pore defects become
and that in transition zone is 732.4 HV).
OCIS codes

artensite and a little amount of residual austenite. The decarburization reaction, splashing behavior and elemental
ablation together cause carbon loss, and the carbon loss rate is as high as 17.7% at 7 =950 J+m !

—_ .

increase of 75, the grain sizes of samples increase, the carbon loss rate increases and the martensite content

decreases. Under the same 7, the grain size and the carbon loss rate in the transition zones of samples are the
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more. When 7 is too large, the cold cracks appear. When 7 is 905 J+m ', the samples possess uniform
microstructures, high densities, and relatively high micro-hardness (that in central zone of molten pool is 710.3 HV
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Microstructure and Micro-hardness of 4Cr5MoSiV1 Die Steels
Fabricated by Selective Laser Melting

The 4Cr5MoSiV1 die steel samples are fabricated by the selective laser melting (SLM) technique. The
influence of laser linear energy density 5 on microstructures, carbon loss and micro-hardness of samples is
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Table 1 Chemical compositions of 4Cr5MoSiV1 die steel powder(mass fraction, %)

Element C \'% Mo Ni

Cr Mn P S Fe

Content 0.39 1.05 1.27 0.23

0.87 5.24 0.48 0.019 0.01
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Fig. 2 Microstructures of samples at =905 Jem™'. (a) XOZ section magnified by 3500 times;
(b) XOZ section magnified by 10000 times; (c¢) XOY section magnified by 5000 times
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Fig. 3 Microstructures in central zone of molten pool under different y. (a) 835 Jem ';
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(b) 864 Jem™'; (c) 905 Jem *; (d) 950 Jem ™!
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Table 2 Grain sizes in different zones of molten pool

Grain size d /pm

7 /(Jem™ ") Central Transition Heat
zone zone affected zone

835 1.00 0.45 2.09

864 1.19 0.69 2.61

905 1.32 0.78 2.81

950 2.38 0.99 3.56
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Table 3 EDS results in different zones of molten pool (mass fraction, %)

Central zone

Heat affected zone Transition zone

Element
Grain Boundary Grain Boundary Grain Boundary
C 1.77 2.35 1.43 1.70 2.01 2.76
\% 1.15 1.35 1.22 1.14 1.25 1.39
Mo 0.97 1.87 0.99 1.20 1.45 1.89
Ni 0.48 0.40 0.58 0.52 0.39 0.36
Si 0.73 0.82 0.75 0.80 0.77 0.86
Cr 5.14 5.94 5.49 5.52 5.62 5.58
Mn 0.25 0.40 0.26 0.35 0.24 0.32
Fe 89.51 86.87 89.28 88.77 88.27 86.84
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Fig. 4 Microstructures of particles. (a) Spatter particles; (b) black smoke particles
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Table 4 Chemical compositions of spatter particles

(mass fraction, %)
Spot C v 0 Si Cr  Fe
1 4.55 1.04 3.82 0.71 4.97 84.91
SLM B8k A2 b O R 5 4 8 R A R
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M Tl i B AR B Bh A b v A s ] 3 0, Ol
SN B (B3GR, HL R AR R BE RGN, B AR TG R
o E AL,
F5 WRWOR I AL Y O ML %)
Table 5 Chemical compositions of black smoke particles

(mass fraction, %)

Spot C Mn O Ni Cr Fe
1 42.62 1.05 26.45 0 2.08 27.80
2 11.15  1.88 21.25 0.74 5.82  59.16
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Table 6 Phase compositions of samples (mass fraction, %)

7/(J+m D Martensite Austenite
950 99.08 0.92
905 99.31 0.69
864 99.52 0.48
835 99.72 0.28
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Fig. 6 Surface pores of sample at 7=2835 Jem™'. (a) 1500 times; (b) 20000 times
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Fig. 7 Surface crack of sample at =950 Jem '. (a) 800 times; (b) 5000 times
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Fig. 8 Micro-hardness in different zones of sample. (a) Central zone of molten pool; (b) transition zone
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Fig. 9 Average micro-hardness of sample. (a) Central zone of molten pool; (b) transition zone
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